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(54) DRY ETCHING METHOD, MICROMACHINING METHOD AND MASK FOR DRY ETCHING 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a dry etching method required for 
micromachining a proper shape, a micromachining method and a mask for dry 
etching. 

SOLUTION: Etching is performed, using carbon monoxide gas added with a 
compound gas containing nitrogen as a reaction gas, and using a mask made of 
tantalum or tantalum nitride. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The dry etching approach which makes reactant gas the carbon monoxide gas which added 
nitrogen-containing compound gas, and is characterized by etching using the mask by the tantalum or 
tantalum nitride. 

[Claim 2] The micro-processing approach characterized by etching as reactant gas using the carbon 
monoxide gas which formed the mask by the tantalum on the etched layer, and added nitrogen- 
containing compound gas. 

[Claim 3] The approach according to claim 2 characterized by performing sputtering which uses a 
tantalum as a target and forming it after said mask forms a resist pattern on said etched layer. 
[Claim 4] The micro-processing approach characterized by etching as reactant gas using the carbon 
monoxide gas which formed the mask by tantalum nitride on the etched layer, and added nitrogen- 
containing compound gas. 

[Claim 5] The approach according to claim 4 characterized by performing reactive sputtering which uses 
a tantalum as a target, and forming it under existence of the reactant gas which contains nitrogen gas at 
least after said mask forms a resist pattern on said etched layer. 

[Claim 6] The approach according to claim 5 characterized by the reactant gas in said reactive sputtering 
consisting of argon gas and nitrogen gas. 

[Claim 7] The approach according to claim 4 characterized by performing sputtering which uses 
tantalum nitride as a target, and forming it after said mask forms a resist pattern on said etched layer. 
[Claim 8] The mask for dry etching which is a mask used by the dry etching which makes reactant gas 
the carbon monoxide gas which added nitrogen-containing compound gas, and is characterized by being 
formed of a tantalum or tantalum nitride. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the dry etching approach, the micro-processing 
approach using this dry etching approach, and the mask for dry etching at the time of forming micro 
devices, such as a semiconductor device and a magnetic cell. 
[0002] 

[Description of the Prior Art] When manufacturing micro devices, such as a minute semiconductor 
device and a magnetic cell, the process which carries out micro processing combining a lithography 
technique and an etching technique is used abundantly. 

[0003] A lithography technique is a technique which makes a detailed pattern to films, such as resist 
film applied to the front face of a processed layer, and forms an etching mask in them, and an etching 
technique is a technique which imprints the detailed pattern of the etching mask which carried out in this 
way and was obtained in a processed layer. 

[0004] As one of the etching techniques, it excels in formation of the fine structure and the reactive-ion- 
etching method for using the plasma of low-pressure reactant gas exists. 

[0005] For example, if the plasma of reactant gas CF4 and CC14 is used when performing reactant 
etching of the magnetic material which uses transition-metals elements, such as Fe, Co, and nickel, as a 
principal component, a halogenated compound will be formed like the case where reactant etching of a 
semiconductor material is performed. However, since the binding energy of the halogenated compound 
of transition metals is far higher than the halogenated compound of a semi-conductor element and it is 
not only hard to evaporate, but is hard to undergo a sputtering reaction, an etching reaction cannot 
progress easily. 

[0006] As the new system of reaction which solves such a problem, the approach using the plasma of 
carbon monoxide gas is studied, and the dry etching approach using the carbon monoxide gas which 
added further the nitrogen-containing compound gas which improved the system as reactant gas is 
proposed (22 JP,8-253881,A, the Nakatani **, "micro processing of a magnetic-substance thin film", 
Magnetics Society of Japan Vol. NO. 1 1, 1998, 1383rd page - the 1389th page). 
[0007] The result of having performed reactive ion etching by having made into reactant gas the carbon 
monoxide (CO) gas which added ammonia (NH3) gas in order to process into this well-known reference 
the graphic form whose dimension is about 0.6 micrometers on a permalloy thin film, and having 
performed same reactant etching also to a silicon (100) single crystal and alumino way silica glass for 
the comparison is indicated. According to the publication, the ratio of the etching rate of a silicon (100) 
single crystal to the etching rate of a permalloy is 4, and the ratio of the etching rate of alumino way 
silica glass to the etching rate of a permalloy is 9. 
[0008] 

[Problem(s) to be Solved by the Invention] However, in the latest process that the further detailed- 
ization of an etching configuration progresses, when it has only the etching rate ratio with a mask and a 
processed layer of this level, it is difficult to imprint the detailed graphic form of a mask in a processed 
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layer, maintaining a good configuration. Since the mask itself is etched and the configuration changes 
before all the parts of a request of a processed layer are etched, the reason is for etching of the processed 
layer from a mask edge to progress under the effect of side etching etc. It is very difficult for the 
inclination to be strong and to imprint a detailed graphic form good in a processed layer especially in the 
graphic form which has the trench width of face and line width of face of 0.1 micrometers or less. 
[0009] Therefore, the object of this invention is to offer the dry etching approach, the micro-processing 
approach, and the mask for dry etching which can perform micro processing of a good configuration. 
[0010] 

[Means for Solving the Problem] According to this invention, the carbon monoxide gas which added 
nitrogen-containing compound gas is made into reactant gas, and the dry etching approach which etches 
using the mask by the tantalum or tantalum nitride is offered. 

[001 1] According to this invention, further, the mask by the tantalum or tantalum nitride is formed on an 
etched layer, and the micro-processing approach which etches as reactant gas using the carbon 
monoxide gas which added nitrogen-containing compound gas is offered. 

[0012] When performing dry etching by making into reactant gas the carbon monoxide gas which added 
nitrogen-containing compound gas, by using the small tantalum or the tantalum nitride of an etching rate 
as a mask ingredient It becomes possible to enlarge etch selectivity of a mask and an etched layer, the 
mask itself is etched, and the configuration changes, And since it is lost that etching from a mask edge 
progresses under the effect of side etching etc., the detailed graphic form imprint of a good configuration 
can be performed. 

[0013] After a mask forms a resist pattern on an etched layer, performing sputtering which uses a 
tantalum or tantalum nitride as a target, and being formed also has it. [ desirable ] 
[0014] It is desirable that it performs reactive sputtering which uses a tantalum as a target, and is formed 
under existence of the reactant gas which contains nitrogen gas at least after a mask forms a resist 
pattern on an etched layer. 

[0015] It is desirable that the reactant gas in this reactive sputtering consists of argon gas and nitrogen 
gas. 

[0016] According to this invention, it is the mask used by the dry etching which makes reactant gas the 
carbon monoxide gas which added nitrogen-containing compound gas further again, and the mask for 
dry etching formed of a tantalum or tantalum nitride is offered. 
[0017] 

[Embodiment of the Invention] Drawing 1 is the sectional view showing roughly a part of micro- 
processing process in 1 operation gestalt of this invention. 

[0018] First, as shown in drawing 1 (A), the etched layer 12 which is a layer which should be carried out 

micro processing on the substrate layer 1 1 formed on the substrate 10 is formed. 

[0019] On the substrate 10 which consists of a 3 inch silicon wafer, titanium (Ti) is formed on condition 

that the following as a substrate layer 1 1, and a cobalt platinum alloy (CoPt, Co:75at%, and Pt:25at%) is 

more specifically formed on condition that the following as an etched layer 12 on it. 

[0020] 

Membrane formation conditions of a substrate layer Target : 99.995% (purity) Titanium Background 
pressure : 9x10 to 6 Pa Inflow gas : Argon Quantity of gas flow : 30sccm Total gas pressure : 0.15Pa 
(under membrane formation) 

Charge power : DC500W Substrate temperature : Room temperature (with [ in cooling by chilled water ] 

no temperature control) 

[0021] 

Membrane formation conditions of an etched layer Target : 99.995% (purity) Cobalt platinum 
Background pressure : 9x10 to 6 Pa Inflow gas : Argon Quantity of gas flow : lOOsccm Total gas 
pressure : 2,0Pa (under membrane formation) 

Charge power : RF500W Substrate temperature : Room temperature (with [ in cooling by chilled water ] 

no temperature control) 

[0022] 
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1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

Prawing 1] It is the sectional view showing roughly a part of micro-processing process in 1 operation 
gestalt of this invention. 

[Drawing 2] It is drawing showing roughly the example of a configuration of the reactive ion etching 
system used with the operation gestalt of drawing 1 . 

[Drawing 3] It is a photograph showing the SEM image of the configuration of the actually formed 
island by using titanium for a mask and carrying out reactant dry etching of the cobalt platinum alloy. 
Prawing 4] It is a photograph showing the SEM image of the configuration of the actually formed 
island by using a tantalum for a mask and carrying out reactant dry etching of the cobalt platinum alloy. 
[Description of Notations] 

10 Substrate 

1 1 Substrate Layer 

12 Etched Layer 

12' Etched layer by which patterning was carried out 

13 Resist Layer by Which Patterning was Carried Out 

14 Mask Layer 
14' Mask 

20 Wafer 

21 Stage Electrode 

22 RF Generator for Plasma Generating 

23 Electromagnetism - Coil 

24 RF Generator for Bias 

25 Quartz Bell Jar 

26 Diffusion Chamber 



[Translation done.] 
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